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    摘要 
 I
摘  要 
近距离无线通讯（NFC）技术在最近几年发展迅速，与移动设备尤其是与手
机的结合，将会极大地促进 NFC 技术的发展。移动设备上 NFC 功能的顺利实现，
需要解决的硬件问题是制备一种高磁导率、低损耗的烧结铁氧体片。本论文采用
固相反应法制备预烧铁氧体粉末，通过水基流延成型工艺制备铁氧体坯片，研究
工艺条件、助熔剂及 D 离子对铁氧体片的烧结密度、微观形貌和磁学性能等的
影响。通过工艺、成分和成型工艺的组合调整，制备出满足 NFC 功能使用的高
磁导率、低磁损耗、高截止频率、厚度较薄且具有较好磁导率温度稳定性的烧结
铁氧体膜片。 
首先，分别探讨预烧温度对成分为铁氧体片和烧结温度对成分为铁氧体片的
烧结密度、线性收缩率和磁学性能的影响。随着预烧温度的升高，铁氧体片的烧
结密度逐渐增大，收缩率逐渐变小，当在 850°C 环境下预烧 2h 可以获得密度为
5.25g.cm-3，微观结构相对均匀，且较为平整的铁氧体片，此铁氧体片在 13.56MHz
下的复数磁导率 μ´为 95，μ"为 43，截止频率为 10.8MHz。在确定预烧温度为
850°C，保温 2h 的前提下，探讨了烧结温度对成分为铁氧体坯片烧结密度、收缩
率和磁学性能的影响。当在 960°C 烧结 3h，即可获得晶粒尺寸均匀，组织较为
致密的铁氧体片，在 13.56MHz 的复数磁导率 μ´为 213，μ"为 60，截止频率为
19.4MHz。。 
其次，为了达到低温烧结和实现组织致密化，研究 PO 含量对成分为铁氧体
3 铁氧体片磁学性能影响，当 x=0.02 时，在 960°C 低温烧结 3h 即可获得密度为
5.29 g/cm3，收缩率为 20.73％，且厚度在 80μm 左右的铁氧体片，当 x 在 0.015~0.02
之间时，可得到磁导率温度系数较小的烧结铁氧体片。 
在上述实验的基础上，为了进一步降低磁损耗，提高截止频率，对成分为铁
氧体进行掺杂处理。在二次球磨时添加少量的 DO，采用水基流延成型制备出一
定厚度的流延铁氧体坯片。加入 DO 的铁氧体片在 13.56MHz 下的复数磁导率迅
速下降，当加入 0.2wt％的 DO 时，铁氧体片在 13.56MHz 下的复数磁导率实部
为 187，磁导率虚部为 3.12，截止频率为 67MHz 左右。同时由于 DO 的加入可
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以增大铁氧体的磁晶各项异性常数，适量的添加可以改善铁氧体的磁导率温度稳
定性。此种铁氧体已经满足了 NFC 功能的使用。 
最后将烧结铁氧体片与胶带贴合，制备出 NFC 膜片。通过对其防护效果测
试，得出膜片的厚度、面积和 μQ 乘积大小对防护效果的影响规律。在达到相同
防护效果的基础上，可以通过增大铁氧体片 μQ 乘积的方法来减小膜片的几何尺
寸，同时探讨膜片几何形状位置组合对防护效果的影响，研究发现采用***结构
形式的 NFC 膜片形状位置组合的方法可以实现减少膜片面积的使用量，对于在
实际使用时减少成本具有一定的指导意义。 
关键词：NFC 铁氧体；水基流延成型；磁导率；防护效果
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Abstract 
 Near-field Communication (NFC) technology has developed rapidly in recent 
years, which will greatly promote the development of NFC technology when it 
combined with mobile devices, especially with the combination of mobile phones. It 
is needed to solve a hardware problem that prepares a kind of sintered ferrite sheet  
with high permeability, low magnetic loss for realizing the mobile NFC function. In 
this thesis, solid state method was applied to prepare the calcination ferrite powder, 
then ferrite green bodies were prepared by aqueous tape casting. The effects of 
process technology, flux and D ion doping on sintering density, the microstructure and 
magnetic properties of ferrites were investigated. By using of regulating the 
processing ,ingredients and forming process, ferrite sheets were developed with high 
permeability, low loss, high cut-off frequency，thin thickness and low permeability 
temperature-Coefficient which suitable for the NFC application. 
  Firstly, the calcination temperature and sintering temperature of and ferrites on 
sintered density, shrinkage ratio and the magnetism were discussed respectively. With 
the increase of calcination temperature, sintering density of ferrite stripe gradually 
increase, and shrinkage rate of that gradually became smaller; when the calcination 
temperature is 850°C×2h ,ferrites with a density of 5.25g/cm-3, relatively uniform 
microstructure and a flat surface were obtained, which show magnetic permeability u´ 
for 95, u" for 43  under the frequency of 13.56 MHz.and the cut-off frequency of 
10.8 MHz. In addition, the influence of sintering temperature on the density, 
shrinkage ratio and the magnetism of ferrite green bodies prepared with the 
calcination temperature of 850°C×2h were also researched. When sintered at 
960°C×3h, the grain size of ferrites show relatively uniform and the microstructure of 
those are compact, at the same time, the ferrite which show magnetic permeability u´
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for 213, u" for 60 under the frequency of 13.56 MHz and the cut-off frequency of 
19.4 MHz. 
Effect of PO contents on magnetic properties of ferrite was studied to reduce the 
sintering temperature and improve the density. Ferrite green bodies with the density 
for 5.29 g/cm3,shrinkage for 20.73％and a thickness of 80μm were obtained when 
sintered at 960°C for 3h, as x is 0.02.The low permeability temperature-Defficient of 
ferrite films were obtained with x locating between 0.015 and 0.02. 
  On the basis of the above experiment, to further reduce the magnetic loss, 
improve the cut-off frequency, doping modification of ferrite were investigated. A 
small amount of DO was added during the second ball mill process, then the NFC 
ferrites were prepared by aqueous tape casting. The complex permeability of the 
ferrites doped DO under 13.56 MHz drops rapidly. As a result, the real permeability 
is 187.35 and imaginary permeability is 3.12 and the cut-off frequency is about 67 
MHz when adding 0.2wt% of DO contents under the frequency of 13.56 MHz. On 
the other hand, the permeability temperature stability of ferrites could be improved 
by appropriate addition of DO content, which could be expected to apply to the NFC 
areas.  
  Finally, NFC flexible sintering ferrite sheet is prepared by adhesive tape with 
the sintered ferrite sheet. It is effectively affected by the thickness, area, and the μQ 
of NFC ferrites through the test of its shielding effect. On the other hand, the increase 
of the μQ can reduce the geometry size of NFC ferrites, based on the same shielding 
effect. We also studied the influence of the shielding effect of the geometry flexible 
sheets position combination, which has a certain guiding signification to reduce the 
use of flexible sheet. The research result shows that the area of NFC ferrite sheets 
could be reduced when applying the sandwich structure, which also has important 
influence on reducing the cost of product. 
Keywords: NFC ferrite sheet; Aqueous tapecasting; Permeability; Effect of shielding
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